In the course of some earlier experiments involving the measurement of conduction velocity in the motor nerves of the guinea-pig, it was discovered by chance that conduction in the median nerve was frequently abnormal in animals which were more than 18 months old. Subsequently it became apparent that this was due to a local lesion of the median or the ulnar nerve at the wrist, which could develop during adult life in otherwise healthy animals (Fullerton and Gilliatt, 1966) . This phenomenon has now been further investigated.
the motor innervation of the muscles of the forefoot, and since they lie close together at the wrist, it was usually necessary to divide one nerve before stimulating the other, in order to ensure that no cross-stimulation occurred.
In early experiments the conduction distance was first measured on the skin with the stimulating needles in situ; the median and ulnar nerves were then excised and the conduction distance remeasured. It was found that direct measurement on the skin did not give rise to a significant error in the case of the median nerve. In the case of the 'Part-time member of the Scientific Staff, M.R.C. Toxicology Unit, Carshalton, Surrey. ulnar nerve, however, direct measurement between the stimulating electrodes underestimated the true length of the nerve by approximately 5 mm. In later experiments only direct measurement on the skin was used. In these animals the conduction distance for the ulnar nerve was corrected by the addition of 5 mm. before conduction velocity was calculated.
Action potentials from the small muscles of the forefoot were recorded through stainless steel needles with their tips just penetrating the skin. The active recording electrode was placed over the belly of an appropriate muscle and the remote electrode over one of the digits. Since the arrangement of muscles in the forefoot is a complex one (Alezais, 1902) , it was necessary in pathological cases to search carefully with the active electrode before accepting that nerve stimulation had failed to activate motor units in any of the intrinsic muscles. In some experiments a double-core recording needle (Disa no. 1 3K80) was used to identify single motor units after the belly-tendon records had been obtained.
Intramuscular temperature in the forelimb was recorded at the end of each experiment. It ranged from 35°C. to 39°C. in different animals.
Nerves for histological examination were removed using a dissecting microscope and were then slightly stretched on card frames and fixed in Flemming's solution or 10% formol-saline. Nerves fixed in Flemming's solution were embedded in paraffin; transverse sections were cut at 5 u, and sections stained by the modified Weigert method to demonstrate myelin sheaths (Gutmann and Sanders, 1943) . Some sections were counterstained by the van Gieson method. Nerves fixed in formolsaline were examined in two ways. In most cases the nerves were stained with 1 % osmium tetroxide and teased apart in glycerin using the technique described by Thomas (1955) ; single fibres were prepared under a dissecting microscope at a magnification of x100 and abnormal fibres preserved by mounting in Canada balsam for later examination at higher magnification. In a few cases formol-fixed nerves were embedded in paraffin; longitudinal and transverse sections were stained by the Holmes silver method for axons, and by luxol fast blue for myelin (McDonald, 1963 Table I . Fig. 4 and results from this and from other old animals are shown diagrammatically in Figure 5 . In the examples shown, the distal latencies for the first units to respond ranged from 2-9 to 4 9 msec.; the late units had distal latencies ranging from 6-4 to 14-4 msec. and yet conduction in their proximal parts was only slightly slowed compared with the early units.
These findings indicate a local abnormality of the median and ulnar nerves at the level of the wrist or in the forefoot itself. The reduced motor conduction velocity found in the proximal parts of the nerves would not be incompatible with a distal lesion, as a similar reduction has been found proximal to other peripheral nerve lesions both in Figure 4 .
AXILLA-WRIST man (Ebeling, Gilliatt, and Thomas, 1960; Thomas, 1960) and in animals (Cragg and Thomas, 1961; Fullerton and Gilliatt, 1967 Figure 7 . The specimen shows both thinning and partial loss of myelin staining over a distance of approximately 3mm. Transverse sections of the median and ulnar nerves from old animals showed changes which were mainly at the level of the wrist in mild cases, but which extended distally into the forefoot in severe cases. As an example of the former, sections from a 21-month-old animal are shown in Figure 8 . The electrophysiological records which had been obtained on stimulating the median nerve in this animal are shown in Fig. 2 , and it can be seen that a small delayed and polyphasic response was recorded from the forefoot with stimulation at the wrist. Transverse sections through the nerve at 1 mm. intervals showed almost complete loss of myelin staining at the level of the wrist, myelinated fibres reappearing distally. In the sections shown in Fig. 8 the same fascicles can be seen above the demyelinated region (Fig. 8a) , in the upper palt of the demyelinated region (Fig. 8b) , and below this (Fig. 8c) .
A median nerve which was electrically inexcitable is shown in Fig. 9 and it can be seen that the histological changes were much more severe in this case. The fascicles are shrunken and stain deeply with Van Gieson at the level of the lesion (Fig. 9c) . No myelinated fibres can be seen at this level or below it (Fig. 9d) , although some myelin debris is present in the lower section. Above the thinned segment there is endoneurial swelling and thickening of the perineurial sheaths (Fig. 9b) . At a higher level the fascicles are probably normal in size (Fig. 9a) but the number of myelinated fibres is considerably reduced. At this level there were occasional fascicles containing a normal number of fibres but serial sections showed that these left the main nerve trunk before it passed under the transverse arch at the wrist. One such fascicle is shown in Fig. 10 stained by the Holmes silver method and counterstained with luxol fast blue showed that a number of fine non-myelinated axons were present distal to the wrist, but few large axons were seen and in some fascicles they were totally absent.
Dissection of the deep branch of the ulnar nerve proved to be extremely difficult in affected animals and for this reason relatively few nerves were examined histologically. In only one case was an electrically inexcitable ulnar nerve successfully obtained with preservation of both deep and superficial branches above and at the level of the wrist. Transverse sections of the deep branch ofthis nerve showed the complete absence of myelinated fibres at the level of the wrist whereas the superficial branch was normal. There was also a marked difference between the two branches in the forearm, the fibre density being reduced in the deep branch compared with the superficial one.
Transverse sections of the median nerve at the level of the wrist were examined in five young The three other old animals from which single fibres were examined had shown slowing of conduction and dispersion of muscle action potentials on nerve stimulation; in these cases single fibres from the wrist showed mainly segmental demyelination. This appeared to affect many fibres at approximately the same level, normal myelin reappearing after a gap of 2 to 3 mm. In the gap there was sometimes complete loss of myelin but a more common finding was early remyelination with the formation of short, thinly myelinated internodes. Demyelination of parts of internodes above or below the main gap was also common. An example can be seen in Fig. 11 which shows consecutive lengths of a single fibre. Between the large arrows a length of nerve 3 mm. long has undergone demyelination and is thinly remyelinated. Distal to this two shorter lengths of abnormal myelin are present and are shown by small arrows.
DISCUSSION
The lesion which we have described has been recognized electrically and histologically but it is interesting that the animals themselves have shown no abnormality in the use of the forefoot which we have been able to detect. On the sensory side, reaction to pin prick in the foot and toes has been preserved, and no trophic lesions have been seen. These latter findings may be explained by the persistence of fine non-myelinated axons below the level of the lesion. On the present evidence it is not possible to decide whether these are non-myelinated fibres which are unaffected by the lesion, or whether they indicate attempted regeneration. In this context it may be noted that Lehmann and Pretschner (1966) found that C fibres were often spared in their experimental nerve lesions produced by inserting catgut ligatures through peripheral nerves.
The age of our animals in relation to the life span of the guinea-pig is of some interest. Although we have referred to our 2-year-old group as 'old' animals, it should be remembered that the life span of a guinea-pig under favourable conditions may be much longer than this. Paterson (1967) refers to an active breeding life of 30 months; Rogers regards guinea-pigs less than 1 year old as young, those aged 1 to 2 years as mature, those aged 2 to 3 years as old, and animals more than 3 years old as senile (Covell and Rogers, 1957; Rogers, personal communication) . It therefore appears that the peripheral nerve lesions described in the present paper arose in active rather than senile animals. Between the large arrows a length of approximately 3 mm. has undergone demyelination followed by partial remyelination. In the distal part of the fibre two shorter lengths undergoing remyelination are shown by small arrows. 1 osmium tetroxide. u. Since our old animals were from discarded breeding stock, there was initially a preponderance of females but, in order to ensure that the lesion also occurred in males, we subsequently obtained male animals of comparable age and found the incidence of nerve lesions to be similar in the two sexes. In this respect the lesion differs from the carpal tunnel syndrome in man which occurs more commonly in females than in males.
There are other reasons why it would be unwise to press the analogy between this lesion and the human carpal tunnel syndrome too far. We are not merely dealing with a transverse carpal ligament, as in man, but with a cartilaginous bar which becomes calcified in the older animals. The fact that the ulnar nerve passes under the transverse bar is another point of difference from man, and until the effect of surgical removal of the transverse bar has been attempted, it would be unwise to assume that this structure produces nerve constriction in the same way that the transverse carpal ligament does in man.
Whatever the exact mechanism, it is clear that we are dealing with a naturally occurring peripheral nerve lesion which offers a valuable opportunity to study pathological phenomena which also occur in man. At the level of the lesion itself there is thinning of nerve fascicles with either segmental demyelination or Wallerian degeneration of myelinated fibres. Immediately above there is neuroma formation, if this term may be applied to the endoneurial swelling and perineurial thickening which has been observed. At a higher level still, both fibre density and fibre diameter appear to be reduced.
The electrophysiological changes can be satisfactorily explained on the basis of the anatomical findings described above. Segmental demyelination is known to be accompanied by reduced conduction velocity in both generalized and localized neuropathies (Kaeser and Lambert, 1962; McDonald, 1963; Cragg and Thomas, 1964; Mayer and DennyBrown, 1964; Lehmann and Pretschner, 1966; Fullerton and Gilliatt, 1967) . Such a reduction in velocity would explain the delayed and dispersed muscle action potentials which were recorded in the present study. In more severely affected animals our failare to activate motor units in the forefoot by electrical stimulation of the median and ulnar nerves is explained by the subsequent finding of complete degeneration of myelinated fibres at the level of the wrist.
Changes in conduction velocity proximal to nerve section or crush have been described previously by several writers (Gutmann and Holubar, 1951; Kiraly and Krnjevic, 1959; Cragg and Thomas, 400 group.bmj.com on August 18, 2017 -Published by http://jnnp.bmj.com/ Downloaded from 1961). For example, Cragg and Thomas showed in the rabbit that velocity above the suture line fell by about 20%0 and returned to normal when regeneration occurred. When regeneration was prevented, velocity in the proximal part of the divided nerve could fall by as much as 40 0,1 within a year. Similar changes in velocity have been reported in the proximal parts of sutured nerves in man (Gilliatt, 1961) and in nerves proximal to chronic peripheral lesions both in man (Ebeling et al., 1960; Thomas, 1960) and in animals (Fullerton and Gilliatt, 1967) .
In the case of nerve section and crush, it is known that there is a reduction in the diameter of the largest fibres of the proximal stump (for references see Aitken and Thomas, 1962) , but there are few relevant observations on chronic pressure lesions. In regenerating rat nerve subjected to constriction, Weiss and Hiscoe (1948) described axonal swelling immediately above the constricted zone but this did not extend to the more proximal parts of the fibres. Duncan (1948) found a normal fibre diameter above local demyelination produced by ligatures in young rats and kittens. In the single patient with the carpal tunnel syndrome studied by Thomas and Fullerton (1963) the fibre diameter spectrum in the mid-forearm was normal although a pronounced change was present at the wrist itself.
In our guinea-pigs, transverse sections taken 10 mm. above the level of the lesion showed that maximal fibre diameter was markedly reduced when compared with that of adjacent fascicles which had escaped distal compression. Since the fibre density was also reduced, the change in maximal diameter could have been due to the selective loss of large fibres. However, it seems more likely that it was due to a retrograde change in fibres which were compressed distally; this would be in keeping with the previous results of nerve section and crush (Aitken and Thomas, 1962 
